Milk yield and composition data from 7 nursing Lusitano mares (450 to 580 kg of body weight and 2 to 9 parities) were used in this study (5 measurements per mare for milk yield and 8 measurements for composition). Wood's lactation model was used to describe milk fat, protein, and lactose lactation curves. Mean values for the concentration of major milk components across the lactation period (180 d) were 5.9 g/kg of fat, 18.4 g/ kg of protein, and 60.8 g/kg of lactose. Milk fat and protein (g/kg) decreased and lactose (g/kg) increased during the 180 d of lactation. Curves for milk protein and lactose yields (g) were similar in shape to the milk yield curve; protein yield peaked at 307 g on d 10 and lactose peaked at 816 g on d 45. The fat (g) curve was different in shape compared with milk, protein, and lactose yields. Total production of the major milk constituents throughout the 180 d of lactation was estimated to be 12.0, 36.1, and 124 kg for fat, protein, and lactose, respectively. The algebraic model fitted by a nonlinear regression procedure to the data resulted in reasonable prediction curves for milk yield (R 2 a of 0.89) and the major constituents (R 2 a ranged from 0.89 to 0.95). The lactation curves of major milk constituents in Lusitano mares were similar, both in shape and values, to those found in other horse breeds. The established curves facilitate the estimation of milk yield and variation of milk constituents at different stages of lactation for both nursing and dairy mares, providing important information relative to weaning time and foal supplementation.
INTRODUCTION
The Lusitano horse plays an important role in equine production in Portugal. According to the Portuguese Lusitano breed association, there are about 11,000 Lusitanos worldwide, with production being mainly located in Portugal (320 breeders) and Brazil (Fradinho, 2002) . With a production system based on high-forage diets, the young foals depend almost exclusively and for an extended period on their mother's milk.
A better understanding of the nutrient requirements for both mare and foal requires the knowledge of mare's milk yield and composition. Information on milk composition for the Lusitano breed is presented by Santos et al. (2005) ; the same study also indicates daily milk yields. Although information on daily milk yields and milk composition is extensive (Doreau and Boulot, 1989b) , the information regarding milk yield in nursing mares is scarce, probably due to methodology limitations (Doreau and Boulot, 1989a) .
The lactation curve is a graphical representation of the daily milk yield and can be described by mathematical models. It is characterized by its scale (initial and peak yields) and shape (day of peak yield and persistency; Gipson and Grossman, 1990) . Various mathematical models have been used to describe the lactation curve. Linear regressions for representing milk yield in mares have been used (Gibbs et al., 1982) . The use of nonlinear models such as Wood's model (Wood, 1967) in dairy cows is common (Macciotta et al., 2005; Silvestre et al., 2006 ). Wood's model has been applied to the mare lactation curve (Doreau and Martuzzi, 2006a ) and specifically to the Lusitano breed (Santos and Silvestre, 2006) , but Wood's model parameters for the major constituents of mare's milk have never been published. The aim of this work was to model the lactation curve for milk yield and milk composition (protein, lactose, and fat) in Lusitano mares using Wood's model.
MATERIALS AND METHODS

Animals
Data for this study were collected from 7 multiparous nursing Lusitano mares aged 7 to 12 yr, with an average BW after foaling of 472.1 ± 36 kg. These mares belonged to the Polytechnic Institute, Coimbra, Portugal, and were kept under normal breeding conditions for the Lusitano breed. They were allowed access to pasture (17.4% CP) between 0900 and 1800 h (except on milk collecting days, when they stayed indoors until after milk collection) and kept indoors during the rest of the time. Each pair (mare and foal) was fed twice a day, before and after the grazing period, with 3 kg of grass hay and 2 kg of commercial concentrate feed. Nutritive value of feeds offered is presented in Table 1 .
Milk Collection and Analyses
Milk yield was evaluated on d 15, 45, 60, 90, and 120 postpartum, and milk composition was analyzed on d 15, 30, 45, 60, 75, 90, 105 , and 120 postpartum. The milk sampling procedure was the same for each mare and collection date. Procedures for milk collection were as follows. The mare and foal were separated for 1 h (from 1300 to 1400 h). The mare and foal were able to see, touch, and smell each other, but the foal was not able to suckle. Then, 1.0 mL of an oxytocin solution (20 IU/mL, Ocitocina Sint., Novartis Laboratories, Portugal) was administered to the mare, followed by handmilking of the 2 teats as deeply as possible in the presence of the foal. The foal was left to suckle, and because the efforts of the foal were unsuccessful, the udder was assumed to be empty. The milk collected was then given to the foal. A second separation of the mare and foal occurred within 40 to 50 min. Oxytocin was again administered to the mare as before and the mare was handmilked. The amount of milk collected was measured and a 200-mL sample was withdrawn. The remaining milk was offered to the foal. Each 200-mL milk sample was frozen for later analysis for protein, fat, and lactose.
Samples were then prepared for chemical analyses according to current procedures of AOAC (1990) . Fat was measured by the Gerber method, protein determination was made according to Kjeldahl-N, and lactose was measured by infrared spectrophotometry on a Milkoscan (Foss, Hillerød, Denmark) analyzer. Goat milk was used for calibration of the infrared spectrophotometer. Correction factors for mare's milk were then calculated by analyzing mare milk samples for lactose (enzymatic method; Kleyn, 1985) .
Model Fit
Average daily milk yield and composition (protein, fat, and lactose) were used to test the Wood's model fit (Wood, 1967) :
where Y t is the milk parameter on lactation day t, e is the Neper number, and a, b, and c are positive parameters that determine the curve's shape. Wood's model represents the peak in lactation day t = b/c, which means that b and c are parameters that define the prepeak and postpeak of the curve, respectively. Peak values are independent of a, which represents a scale factor. Persistency (s) in Wood's model is a dimensionless quantity. However, it can be used for comparison of curves (Cobby and Le Du, 1978; Rekik et al., 2003) :
For the adjustment of the model [1] to average daily values, the nonlinear module of the Systat program (Wilkinson et al., 1992) was used. This module applies the quasi-Newton method, and the convergence criterion has a precision of 5 × 10 −5 . Total yields were estimated with a numeric integration process.
RESULTS
Milk Yield and Milk Composition
Average values of daily milk yield are presented in kilograms and kilograms/100 kilograms of BW in Table  2 . Average daily milk yield was 12.4 ± 0.3 kg, representing an average of 2.6 ± 0.06 kg/100 kg of BW, with a minimum yield of 10.7 kg (2.3 kg/100 kg of BW) and a maximum yield of 14.2 kg (3.0 kg/100 kg of BW). Daily results for the analyzed constituents (fat, protein, and lactose) given in grams per kilogram and grams are also presented in Table 2 . The fat content averaged 5.9 ± 0.40 g/kg, with minimum and maximum values of 3.10 and 10.5 g/kg, respectively. Average daily fat yield was 75 ± 5.09 g, with minimum and maximum yields of 35 and 139 g, respectively. Milk protein content ranged from 14.9 to 22.7 g/kg with an average of 18.4 ± 0.4 g/ kg. The average of daily protein yield was 232 ± 5 g and ranged from 152 to 307 g. Lactose content ranged from 54.5 to 65.5 g/kg, with an average value of 60.8 ± 0.8 g/kg. Lactose daily yield averaged 755 ± 9 g, with Milk yield samples were taken from lactation d 15, 45, 60, 90, and 120 (n = 7 mares); fat, protein, and lactose samples were taken at 15-d intervals from lactation d 15 to 120 (n = 6 mares).
2 CV = coeffficient of variation. minimum and maximum yields of 651 and 826 g. Fat content and yield showed the greatest coefficients of variation (47.6 and 47.2%, respectively), and lactose had the lowest variation coefficient (8.5 and 8.4% for content and yield, respectively). Protein (content and yield) and milk yield showed intermediate coefficients of variation (between 14.2 and 15.2%).
Model Fit
The prediction curves for milk yield and milk constituents are shown in >0.89. By applying Wood's model, the milk production peak occurred on d 31 of lactation, and milk yield peaked at 14 kg/d. The estimate for total milk yield for the 180-d lactation was 2,020 kg. Concerning milk composition, the model showed that fat and protein (g/ kg) tended to decrease during lactation, whereas lactose (g/kg) increased (Figure 1 ). Fat yield decreased during lactation but protein and lactose yield followed the milk yield lactation curve (Figure 2 ). Estimated protein peak occurred on d 10 (307 g) and estimated lactose peak occurred on d 45 (816 g). Total yields of fat, protein, and lactose during the 180 d of lactation were estimated to be 12, 36, and 124 kg, respectively (Table 3) . Persistency (s) values are shown in Table 2 . Milk yield had an s value of 6.2, and protein and lactose yields had s values of 5.2 and 6.4, respectively. 
DISCUSSION
Milk Yield and Milk Composition
Daily milk yields presented in this study (12.4 kg, 2.6 kg/100 kg of BW) were comparable to the majority of published data. Doreau and Boulot (1989b) presented values for nursing mares that range from 2 and 3.5 kg/ 100 kg of BW for heavy or saddle mares. The NRC (1989) estimated that average daily production for saddle mares is 2 to 3 kg/100 kg of BW. Pinto et al. (2001) reported milk yields between 2.5 and 3.0 kg/100 kg of BW for Murguese and Rir Pesante Rapido breeds during 6 mo of lactation.
Fat concentrations were low as noted in a study by Doreau and Boulot (1989b) . The average fat content (5.9 g/kg) was lower than the values of 12.5 g/kg for Haflinger, Boulonnais, and Breton mares (Csapó et al., 1995) . According to Kü cü kcetin et al. (2003), the fat content of Frisian mares is 10 g/kg. Values obtained using the Gerber method can provide slightly lower results compared with turbidimetric methods (Doreau et al., 1985) ; nevertheless, we were not able to use another reference method. Doreau et al. (1985) note that both the Gerber and Kjeldahl-N methods give comparable results for mare milk. Average protein content (18.4 g/kg) was lower than the average of 20 g/kg reported by Oftedal et al. (1983) for Thoroughbred and Standardbred mares and greater than that (16 g/kg) reported by Kü cü kcetin et al. (2003) . The average lactose content (60.8 g/kg) was slightly lower than values (66.0 g/kg) reported by Pagan and Hintz (1986) in pony mares. Smolders et al. (1990) reported an average lactose content of 62 g/kg, in light mares.
Model Fit
By applying Wood's model, peak lactation was reached at d 31 of lactation. Gibbs et al. (1982) observed a maximum yield during the first month using the weigh-suckle-weigh method (values for average daily yields). Other measurements performed by using the isotope dilution method (Oftedal et al., 1983; Doreau et al., 1990) showed an increase in milk yield until 2 mo, but these measurements were not carried out later due to methodological restrictions. Doreau and Martuzzi (2006a) , in their review, applied Wood's model to literature data and reported that peak lactation for saddle mares occurred on d 50. Estimated milk yield at peak of lactation was 14.0 kg/d (3.0 kg/100 kg of BW). These values agree with data reported by NRC (1989) and with results obtained for other light breeds such as Thoroughbred, French saddle, and Anglo-Arab (Oftedal et al., 1983; Doreau et al., 1993) when handmilking with oxytocin, and for Quarterhorse mares (Gibbs et al., 1982) using the weigh-suckle-weigh method. In spite of the discrepancy in locating the peak of lactation, results shown in this study seem adequate when compared with literature values. Methodologies for estimating milk yield for nursing mares include milking with or without oxytocin administration, the weigh-suckle-weigh method, and the isotope dilution method. The use of Wood's model to estimate and describe the lactation curve of nursing mares provides results similar to data obtained with these methodologies. According to the results obtained in our study, lactation peak is reached at the end of the first month of lactation Estimated persistency (s values) for milk yield was 6.1, which reflects the decrease in milk yield after the peak is reached; the greater the value of s, the less the decrease in milk yield observed in that lactation. However, the value per se does not indicate a percentage of milk yield decrease or any other unit. According to peak yield (14.2 kg) and estimated yield at d 180 (7.6 kg), estimated persistency is 91% per mo, which is similar to persistency of 95% per mo estimated by Gibbs et al. (1982) for Quarterhorse mares using the weighsuckle-weigh method.
The estimate of total milk yield at 180 d was 2,019.6 kg. Yields of 1,400 to 2,200 kg in 150 d (weigh-suckleweigh) for saddle breeds are reported in a review made by Doreau and Boulot (1989b) . The same authors present slightly greater yield values for dairy mares recorded by mechanical milking (from 2,060 to 2,100 kg in 180 d). Therefore, estimates of total yield at 180 d of lactation shown in this study with the application of Wood's model seem suitable when compared with that of nursing and dairy mares reported in the literature. The shape of lactation curves obtained for fat, protein, and lactose is different for concentration (g/kg) and total yields (kg). Fat and protein concentration curves (Figure 1) are similar in shape, showing a continuously decreasing curve during the lactation period. This shape is similar to that reported by others (Doreau and Martuzzi, 2006a,b) . Different shapes were found for dairy cattle (Stanton et al., 1992) . The large decrease shown in the fat and protein curves in the first days of lactation probably reflects the passage from colostrum to milk, and the continuing decrease of these contents until 30 to 60 d of lactation is likely a dilution effect because of the increase in milk production. Martin-Rosset and Younge (2006) indicate that, during the first 2 mo of age, foal growth is closely related to milk intake and, therefore, to milk yield and contents. In a study by Doreau et al. (1986) , lactose and energy intake by the suckling foal increased daily, whereas fat intake decreased and protein intake remained constant during the first 8 wk of lactation. In the current study, the lactose curve (Figure 1 ) showed a different shape with a continuous increase during the lactation period, which agrees with other authors (Mariani et al., 2001) .
Lactation curves presented in Figure 2 are similar in shape for total protein and lactose yields, both of which are similar to the milk yield curve. The estimated s value for lactose is greater (near milk yield) than the estimated s value for protein, which is probably because of the increase of lactose (g/kg) during the estimation period and the similarity in shape with the milk curve (g).
The goodness of fit for all curves was relatively high; R 2 a ranged from 0.89 to 0.95. According to Macciotta et al. (2005) , goodness of fit is high when R 2 a is >0.8. The application of Wood's model to dairy data is common in cattle (Rekik et al., 2003; Macciotta et al., 2005; Silvestre et al., 2006) and it has been applied to lactation data in llamas (Riek and Gerken, 2006) , rabbit does (Casado et al., 2006) , and red deer (García et al., 1999) . Application of Wood's model to milk data of mares was published by Santos and Silvestre (2006) and Doreau and Martuzzi (2006a,b) . However, none of those studies presents estimates of Wood's model parameters for mare's milk constituents. To better estimate the shape of all curves (milk yield, fat, protein, and lactose) of Lusitano mares using this model, it would be desirable to have more data, namely more animals and milk samples before d 15 and after d 120 of lactation. Nevertheless, longitudinal modulation of the lactation curve allows extrapolation to estimate the beginning and end of the lactation curve, as well as the variation in total milk yield and constituents during the 180 d of lactation.
According to the recent review by , milk yield peak is located, depending on the feeding system used, between the first and third months of lactation. Our results indicate that the milk yield peak is located at the end of the first month. Protein peaks at d 10 and lactose at d 45 of lactation, and therefore, protein and energy requirements of the lactating mare would be expected to be greater during the first and second months. This is in accordance with nutrient requirements given by most of the European systems. Concerning foal supplementation, the curve we obtained allows us to extrapolate into late lactation: the curve shows a rapid decrease in milk production from 3 mo onward, and therefore, this should be the critical time to start foal supplementation. This is in accordance with the recent review published by MartinRosset and Younge (2006) .
CONCLUSIONS
Concentrations of major constituents (fat, protein, and lactose) in Lusitano mare's milk are, in general, consistent with those found for other horse breeds. Wood's model, although developed for cattle lactation curves, seems to describe correctly the lactation curves for Lusitano mares. Lactation curves presented in this study for fat, protein, and lactose present important information when calculating the diet requirements of mares and foals. These estimates may also serve as a useful reference to establish standard values for formulation of milk replacers at different stages of lactation for orphan foals. Nevertheless, for this application to be widely used there is a need for more data collection, namely milk yields before d 15 and after d 120, to better adjust the model to the lactation curve of the mare. Further investigation including other mathematical functions would be desirable.
